Background: A parental cancer diagnosis is a stressful life event, potentially leading to increased risks of mental and physical problems among children. This study aimed to investigate the associations of parental cancer with IQ, stress resilience, and physical fitness of the affected men during early adulthood.
Introduction
Being diagnosed with cancer is stressful for the patients and their families. 1 Minor children are the most vulnerable members of a family, because they are undergoing significant physical and neurobehavioral development, and therefore particularly susceptible to stress and its negative consequences. 2 Children living with a parent with cancer have been reported to have impaired well-being, including psychological and psychiatric problems such as low self-esteem and internalizing and externalizing symptoms, and physical problems such as pain, dizziness, and injury. [3] [4] [5] [6] [7] [8] [9] Although knowledge about the well-being of children with parental cancer is being accumulated, many domains of health in these children have yet to be studied.
A specific impact of parental cancer on minor children is biologically plausible, not only because of the great dependence of the children on their parents but also because Intelligence is highly correlated with the neuroanatomy of the brain, and it exerts lifelong powerful influences on various aspects of life. 11, 12 Parenting style and early life stress might both modulate childhood intelligence. 13, 14 Diminished school performance has been reported among children with parental cancer, 15 but whether this could possibly be driven by decreased intelligence has not been addressed. Stress symptoms have been reported among children with parental cancer, 16 but it remains unknown whether parental cancer influences children's capacity to cope with future challenges in terms of stress resilience. 17 In addition to intellectual and psychological development, childhood is also a critical time window for physical growth, with developing cardiorespiratory endurance, muscular endurance, muscular strength, body composition, and flexibility. 18 As a severe illness in a parent might induce alterations in the daily routines of the family, including physical activities and dietary habits, it might also consequently influence the physical growth and fitness of the affected children. 19, 20 Yet, to the best of our knowledge, whether parental cancer has a negative impact on children's physical fitness has not been studied.
Using a nationwide register-based study design, we aimed to investigate the associations of parental cancer with IQ, stress resilience, and physical fitness among men who underwent a mandatory military conscription examination during early adulthood. We were particularly interested in assessing whether the associations varied by the sex of the parent with cancer, the man's age at the diagnosis of parental cancer, or the prognosis and fatality of parental cancer. We also aimed to assess whether the associations were independent of birth characteristics of the men and sociodemographic characteristics of the men and their parents.
Materials and methods

Study participants
Using the unique Swedish personal identity numbers, we linked data across the Swedish Multi-Generation Register, Conscription Register, Cause of Death Register, Migration Register, Cancer Register, Medical Birth Register, Register of Education, Population and Housing Census, and Patient Register.
The Multi-Generation Register contains information on all Swedish residents who were born in 1932 or later and alive in 1961, together with their parents. 21 According to Swedish law, the military conscription was mandatory for men at the age of 18 years. From 2002/2003, the number of conscripts declined dramatically due to reduced need of military, and from 2010 onward, the conscription has been officially suspended. 22 Therefore, we included men born in Sweden during 1973 Sweden during -1983 , and linked these men to the Conscription Register. A total of 88.3% of the men had undergone the conscription examination during 1990-2010 (N=492,152, age [mean=18.2 years, range=16.7-32.5 years]). Among the 65,427 men who were excluded, 21,997 had died or emigrated from Sweden before the age of 18 years, and 43,430 were either exempt from conscription due to severe mental and physical conditions or incarceration, or unidentifiable due to other reasons. 23 We identified the parents of the 492,152 men, and only those with complete information on parents' identity were included (N=487,468). Men with a parent who was diagnosed with cancer before or on the date of their birth and men with missing or invalid data on all assessments for IQ, stress resilience, and physical fitness were excluded, leaving 465,249 men in the final analysis ( Figure 1 ).
The study was approved by the Central Ethical Review Board in Stockholm, Sweden, and individual informed consent from the study participants was waived according to this decision. All information was anonymized and de-identified prior to analysis.
Exposure assessment
We linked both parents of the men to the Cancer Register, and identified the date of first cancer diagnosis, if any. Cancer types were coded according to the 7th Swedish revision of the International Classification of Diseases (ICD). As we aimed to assess the impact of exposure to newly diagnosed parental cancer during childhood, men with a parent who was diagnosed with cancer before or on the date of their birth were excluded (N=2,005; Figure 1 ). In case that both parents had a cancer diagnosis (N=313), the first diagnosed cancer among the parents was used. Men with a parental cancer diagnosis before their conscription comprised the exposed group, whereas men without parental cancer diagnosis before conscription comprised the unexposed group. As cancer-related characteristics have been shown to modify children's adjustment to parental cancer, 24 we further categorized the exposed group according to 1) sex of the parent with cancer, 2) man's age at the time of parental cancer diagnosis, 3) expected prognosis of the cancer (Table S1) , and 4) death of the parent with cancer after cancer diagnosis.
Outcome assessment
The Conscription Register includes information from the conscription examination, which included extensive intellectual, Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com
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iQ
IQ was assessed in the conscripts using three different test versions during the study period (Supplementary materials). 26, 27 The overall contents of the three tests were largely similar, and the subtests can be described in general terms. 28 A test for inductive ability measured the capacity to understand written instructions and to apply them to problem solving. A verbal test measured the ability to determine the synonym of a given word. A spatial test measured the ability to determine the correct three-dimensional object from a series of twodimensional drawings. A technical test measured knowledge of mathematics and physics. A global IQ score was generated by combining scores from the subtests. The global IQ score was standardized against the entire population and followed a Gaussian distribution with values between one and nine (i.e., Stanine scale). A higher value indicated greater IQ. The global scale has been shown to have satisfactory construct validity and reliability to measure the general intellectual capacity. 26 We categorized the scores into low (1-3), moderate (4) (5) (6) , and high (7) (8) (9) , as previously suggested. 
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All men underwent a 25-minute semi-structured interview performed by a psychologist to assess their ability to cope with psychological stress during military service. 30 Mental energy, emotional control, social maturity, and active/passive interests were rated by the psychologist and combined to produce a summarized stress resilience score on a Stanine scale where a higher value indicated better functioning. We grouped the scores into low (1-3), moderate (4) (5) (6) , and high (7-9), as previously suggested. 31 To ensure uniform assessment across different conscription centers, a written instruction was used and supervision was conducted by a central authority. 31 The stress resilience assessment demonstrated high inter-rater reliability. 32, 33 Physical fitness Physical fitness was assessed using an electrically braked bicycle ergometer, which has been widely used to study physical working capacity during a short, graded exercise test. 34 After a normal resting electrocardiography, the men continued with the maximal work test with gradually increasing resistance until one had to discontinue due to exhaustion. 35 The maximum load that the men could sustain for 6 minutes was estimated as a measure of physical fitness. 35 The resulting values in Watts were transformed into scores from zero to nine. A higher value indicated greater physical fitness. Because the mean of physical fitness was six with a standard deviation of 1.5, we categorized the scores into low (0-4), moderate (5-7), and high (8) (9) . The measurement of physical fitness was shown to have both good validity and reliability. 35, 36 Other measures
Various characteristics of the men and their parents might be related to both the risk of parental cancer and the risks of the studied outcomes, and as a result confound or modify the studied associations. 19, 24, [37] [38] [39] [40] [41] [42] We obtained information on gestational age at birth and birth weight of the men, and maternal age at the man's birth from the Medical Birth Register. We obtained information on paternal age at the time of man's birth from the Multi-Generation Register. The educational levels for both parents were retrieved from the Register of Education from 1985. The parental socioeconomic statuses were extracted from the Swedish Population and Housing Census in 1980 and categorized according to the socioeconomic classification system of Statistics Sweden. 43 We extracted information from the Patient Register on any diagnosis of psychiatric disorder among the parents before the date of conscription. The diagnosis was recorded using the Swedish revisions of ICD codes (Table S2) .
statistical analyses Primary analyses
We used the multinomial logistic regression to assess the associations of parental cancer with IQ, stress resilience, and physical fitness. The high levels of the three outcomes were used as the reference category. The relative risk ratios (RRRs) with 95% confidence interval (CI) for low or moderate IQ/stress resilience/physical fitness relative to high IQ/stress resilience/physical fitness between the exposed and unexposed groups were estimated with adjustment for birth year, conscription year, birth characteristics of the men, educational level and socioeconomic status of the parents, and age of the parents at the man's birth. To account for the correlation among men with the same parents, we applied "clustered" (sandwich) standard errors in all models.
In addition, we assessed the possible modifying effects of cancer-related characteristics on the studied associations, by means of one model per characteristic. Dose-response relationships between the expected prognosis of parental cancer and the three outcomes were assessed via Wald tests by fitting models with the expected prognosis as a continuous variable.
To examine the impact of using different IQ tests during the conscription period, we performed formal tests for the interaction between parental cancer and three calendar periods when different tests were used. We also tested the interaction between parental cancer and parental psychiatric history to assess whether the studied associations differed between men with and without a parental history of psychiatric disorder.
secondary analyses
In this study, IQ, stress resilience, and physical fitness were correlated with each other (Pearson correlation: IQ and stress resilience, r=0.37; IQ and physical fitness, r=0.20; stress resilience and physical fitness, r=0.45). Previous studies have also suggested that intelligence, psychological functioning, or physical health may be consequent of each other among children with parental illness. [44] [45] [46] We therefore performed secondary analyses to assess whether the impact of parental cancer on one outcome was independent of the other two outcomes. For example, when we estimated the RRRs for 
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Given the fact that a small subgroup of the exposed men had two parents with cancer, we performed another set of secondary analyses to assess whether the studied associations differed between one parental cancer and two parental cancers.
The data preparation was performed with SAS version 9.4, SAS institute Inc. The statistical analyses were performed with Stata version 14.0, StataCorp LP.
Results
A total of 20,383 men (4.4%) had a parent diagnosed with cancer after their birth and before conscription. The characteristics of the men and their parents are presented in Table 1 .
iQ Although the exposed men appeared to have a higher IQ than the unexposed group (Table 2) , no overall association was observed between parental cancer and IQ after multivariable adjustment (Table 3) . A dose-response relationship between the expected prognosis of parental cancer and low IQ was, however, suggested. A positive association was also noted between death of the parent with cancer and low IQ (RRR: 1.11 [95% CI 1.01-1.24]). Use of different IQ tests did not modify the results (Table S3) .
stress resilience
Among the men with parental cancer, 21.4% had low stress resilience; the proportion was 19.8% among the unexposed men (Table 2) . Parental cancer was associated with a higher risk of low stress resilience (RRR: 1.09 [95% CI 1.04-1.15]) (Table 3 ). This risk increment was particularly pronounced among men with parental cancer who had a poor expected prognosis, among men who lost the parent with cancer due to death, and among men who were 6-12 years of age when a parent was diagnosed with cancer. A clear dose-response relationship between the expected prognosis of cancer and low stress resilience was also observed.
Physical fitness
The exposed men were more likely to have low physical fitness than the unexposed men ( (Table 3) . Dose-response relationships of the expected prognosis of cancer with both moderate and low physical fitness were 
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secondary analyses
After mutual adjustment of all three outcomes, the associations between parental cancer and physical fitness remained largely unchanged (Table 4 ). The associations for IQ and stress resilience were largely attenuated to null, except for the associations of stress resilience with parental cancer with a poor expected prognosis, parental cancer that led to the death of the parent with cancer, and parental cancer that was diagnosed when the men were 6-12 years of age (Table 4) .
Among the men with parental cancer, 1.5% (N=313) experienced two parental cancers before conscription. The overall associations of one parental cancer with the three outcomes remained the same as in the primary analyses. No associations were, however, observed for two parental cancers (Table S5) .
Discussion
To the best of our knowledge, we are the first to investigate whether parental cancer is associated with IQ, stress resilience, and physical fitness of the affected children during early adulthood. In this Swedish register-based study, parental cancer was associated with low stress resilience and low physical fitness among the affected men, with stronger associations observed for parental cancer with a poor expected prognosis, and a loss 
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Early stressful life events may yield damaging effects on neural structures, restricting the development of stress resilience. 17 The emotional and secure attachment with both the ill and healthy parents -an important factor contributing to stress resilience -might also be impaired when both parents are intensively coping with the cancer disease. 17 We found a particularly high risk of low stress resilience among men when the parent had a poor expected prognosis or died after the cancer diagnosis. A poor expected prognosis is likely linked to a perception of greater seriousness of the disease, which is associated with more maladaptive coping strategies. 47 This possibility also seems to coincide with the null association noted for men whose parent was diagnosed when they were very young -a period when the child is not mentally mature to understand the severity of the disease and its related consequences. Children with a genetic susceptibility to psychiatric disorders might be more influenced by parental illness, 48 potentially explaining the noted association of parental cancer with reduced stress resilience. We found, however, similar associations among children with and without a parental history of psychiatric disorders, further suggesting that the impaired stress resilience in relation to parental cancer is independent of heritable susceptibility to psychiatric disorders.
Given the positive correlation between parental and child physical activity levels, 49 low physical fitness among the exposed men could be related to reduced daily activity of the diseased parent and the caregiving spouse. Our finding corroborates other studies showing reduced physical functioning in relation to early adversities such as maltreatment. 50 Stressful life events have been associated with less healthy behaviors, including less physical exercise, increased television watching, and increased smoking and alcohol use. 51 The dietary and nutrient consumption, which plays a key role in body growth and function, might also be changed after the parent's disease. 19 In the present study, although no overall association was noted between parental cancer and impaired IQ, a positive association was shown for cancer that resulted in a loss of the parent through death. This result may provide evidence to support the idea that the brain regions responsible for high order function and characterized by long phases of postnatal development are more susceptible to severe psychological stress induced by deprivation of sufficient parenting and even the actual loss of a parent. Notes: All models adjusted for birth year, conscription year, gestational age and birth weight of the man, paternal educational level, socioeconomic status and age at the man's birth, and maternal educational level, socioeconomic status, and age at the man's birth. In the secondary analyses where the three outcomes were mutually adjusted, we found that the overall association was unchanged for physical fitness and diminished for stress resilience. Impaired physical fitness might therefore have contributed to impaired stress resilience in relation to parental cancer. Previous studies have shown that physically fit individuals tend to be better able to tolerate intense workloads and be less susceptible to psychological stress. 52 Improvement in physical fitness might reduce sensitivity to stress and optimize neuroendocrine stress responsivity. 19, 52 This finding suggests that improving physical fitness among men with parental cancer might also lead to improved stress resilience.
Our study has several strengths. Our findings provide new and important evidence about the cognitive, psychological, and physical well-being of children with parental cancer. The large population-based study design with high-quality register data, together with the independently and prospectively collected information on exposure and outcomes, precludes most of the systematic errors of observational studies. Some limitations should also be discussed. We lacked data on potential confounders of the studied associations, such as cohabitation status of the parents, parenting styles, family cohesion, and non-ill parent's caregiving quality and coping strategies. 24, [53] [54] [55] [56] [57] Although almost 90% of the men born during 1973-1983 participated in the conscription examination, we lacked outcome data on men who did not attend the conscription examination. These excluded men might on average have lower levels of IQ, stress resilience, and physical fitness than the participating men, because exclusions were often based on major mental or physical disabilities. We further found that the excluded men were slightly more likely to have parental cancer (1,813 of the 38,903 men whose parents were identifiable [4.7%]) than those included in the study (20, 383 of the 465,249 men [4.4%]). Taking together, these two facts might suggest that the findings are an underestimation of the real impact of parental cancer. Among the men who underwent the conscription examination, a small proportion (0.8%) did so after the age of 20 years, with unknown reasons for postponing military enlistment. The findings remain, however, the same with exclusion of these men (data not shown). Although the detailed test manuals for IQ and stress resilience during the conscription examination are classified as military secrets, we believe that these tests are comparable to contemporary tests of their kind. For example, similar to the Connor-Davidson Resilience Scale and the Resilience Scale for Adults, the stress resilience test used in the conscription examination also captured dimensions including emotional stability, persistence, high independence, ability to take initiative, and social capacity to contribute to group cohesion. 58, 59 Finally, potential sex differences have been reported in children's adjustment to parental cancer; 24 our results, based on a male study population, may therefore not be generalizable to women.
Conclusion
Our findings suggest that men with parental cancer, especially when the parent with cancer had a poor expected prognosis or died after cancer diagnosis, have higher risks of low stress resilience and low physical fitness than other men during early adulthood. Men who experienced parental death after cancer diagnosis also have a higher risk of low IQ.
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Supplementary materials
Supplementary method -IQ tests
During the study period, three different IQ tests were used. 1, 2 The first test was a written questionnaire used during 1969-1994. It consisted of four subtests investigating instructions (inductive), synonyms (verbal), metal folding (spatial), and technical comprehension (technical knowledge). The second test was introduced after 1994, including 10 subtests measuring inductive, verbal, spatial, and technical comprehension abilities. From 2000, a third semi-adaptive version of the second test was used where the degree of difficulty was adjusted according to the man's performance during the test. The overall contents of the three tests were, however, largely similar, generating a global IQ score through combining scores from the subtests. Note: All models adjusted for birth year, conscription year, interaction between parental cancer and conscription year, gestational age and birth weight of the man, paternal educational level, socioeconomic status and age at the man's birth, and maternal educational level, socioeconomic status, and age at the man's birth. Clinical Epidemiology is an international, peer-reviewed, open access, online journal focusing on disease and drug epidemiology, identification of risk factors and screening procedures to develop optimal preventative initiatives and programs. Specific topics include: diagnosis, prognosis, treatment, screening, prevention, risk factor modification, systematic reviews, risk and safety of medical interventions, epidemiology and biostatistical methods, and evaluation of guidelines, translational medicine, health policies and economic evaluations. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
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